The source of fossil fuel is decreasing. The price increased rapidly. Population and demand of energy increased significantly over the years. Carbon pollution and global warming are becoming major issues. The best way to overcome this problem is by changing to renewable source of energy. One of it is solar thermal energy. However, a solar technology is currently still expensive, low in efficiency and takes up a lot of space. Nanofluid is recognized as a solution to overcome this problem. Due to the high thermal conductivity of nanofluids, the thermal efficiency of a solar collector can be increased and thus decreasing the size of the system. This paper analyzes the efficiency of using the Al 2 O 3 nanofluid as absorbing medium in flat-plate solar collector and estimated the potential of size reduction. When applying the same output temperature of Al 2 O 3 nanofluid as with water, it can be observed that the collector's size can be reduced up to 24% of its original size.
Introduction
Commonly, most houses in Malaysia are using Electric Water Heater for shower mainly because the price is cheap and installation is easy. However, the world is facing a huge problem now because of declining source of energy and using the precious electrical energy for heating does not really a good idea since heat can be harnessed directly from the sun. Potentially, Malaysia is located on the equatorial, with hot and humid climate throughout the year and with monthly solar radiation is approximately around 400-600 MJ/m 2 [1] . Solar energy source is sustainable, free, clean and infinite. However, current solar heater is still expensive, low in efficiency and big in size. One of the effective methods to increase the efficiency is to replace the working fluid with nanofluids. Researches on thermal efficiency by applying nanofluids on flat-plate solar collector have been made in the past few years by numerous researchers [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . Experimental investigation conducted by Yousefi, Veysi, Shojaeizadeh and Zinadini [4] on the effect of Al 2 O 3 based nanofluid shown the increase of 28.3% efficiency of flat-plate solar collectors. Lenert and Wang [12] presented a model and experimental study of concentrated solar power application using carbon-coated cobalt (C-Co) nanoparticles and Therminol VP-1 base fluid and concluded that the efficiency is more than 35% with nanofluid and the efficiency will increase with increasing nanofluid height. Lu, Liu and Xiao [13] shown that the application of Copper Oxide (CuO) nanoparticles in evacuated tubular solar collector will significantly enhance the thermal performance of evaporator and evaporating heat transfer coefficient increased by 30% compared to water as working fluid. 5% improvement in efficiency was found out by Otanicar, Phelan, Prasher, Rosengarten and Taylor [14] by using diversity of nanoparticles with water as base fluid for micro-solar-thermal collector. Shin and Banerjee [15] applied novel nanomaterials in molten salts base fluid for concentrated solar power coupled with thermal storage and experienced an enhancement in operational efficiencies. They also concluded that the cost of electricity will be reduced. Taylor, Phelan, Otanicar, Adrian and Prasher [10] used graphite based nanofluid in high flux solar collectors that resulting in 10% increase in efficiency.
Because of higher thermal conductivity and efficiency of nanofluids, smaller and compact design of solar thermal collector has become possible without affecting the output desired. Smaller size collector can reduced the material usage, cost and energy required in manufacturing [16] . Some studies were made on the potential of size reduction of various engineering applications by using nanofluids. Work had been done by Saidur and Lai [17] in vehicle's weight reduction, Kulkarni, Das and Vajjha [18] in building heat exchanger's heat transfer area, Leong, Saidur, Kazi and Mamun [19] on the reduction of air frontal area of a car radiator and Leong, Saidur, Mahlia and Yau [16] on the size reduction of shell and tube recovery exchanger. None of the studies focus on the size reduction of flat-plate solar thermal collector. Therefore, this study will focus on the potential of size reduction of flat-plate solar collectors when applying Al 2 O 3 nanofluid.
Collector size calculation
The important intention for this analysis is to investigate the potential of size reduction of flatplate solar collector. The specification of flat-plate solar collector is taken from Yousefi, Veysi, Shojaeizadeh and Zinadini [4] . The most important element in solar thermal collector is the working fluid. The fluid will pass through pipes attached to the absorber plate that absorbed heat from sunlight. The fluid will absorb heat from the plate and as it flows through the pipes the temperature will increase. The useful heat gain and collectors efficiency can be calculated and compared between the conventional working fluid and proposed nanofluids. Thermal efficiency of a flat-plate solar collector can be calculated from:
After the thermal efficiency of solar collector been determined, the potential of reduction of the size of collector's area can be estimated by:
A = 2
Size reduction calculation is carried out based from experimental data of Yousefi, Veysi, Shojaeizadeh and Zinadini [4] under the best operating conditions. Size reduction will be calculated based on the output temperature and thermal efficiency difference when using nanofluid as working fluid with different mass flow rates.
Results and discussion
Effect of varying mass flow rate of working fluids. In this section, size reduction of flatplate solar collector analysis is carried out based on variation of mass flow rates of water and 0.4 wt% Al 2 O 3 nanofluid from 1L/s, 2L/s and 3L/s. Fig. 1 shows that 23.5% reduction of flat-plate area can be achieved with 0.4 wt% Al 2 O 3 nanofluid with 1L/s mass flow rate. Addition of Al 2 O 3 nanoparticles into base fluid manage to increase the convective heat transfer coefficient of the working fluids and thus increased the output temperature and efficiency of the collector. However, the solar collector output temperature decreases with increasing mass flow rate and thus making the percentage of size reduction lower for higher mass flow rates.
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Effect of varying concentrations of Al 2 O 3 nanofluids and presence of surfactant.
As shown in previous section, using 0.4 wt% Al 2 O 3 nanofluids can increase the output temperature and efficiency of the flat-plate collector. In this section, the effect of different concentrations of Al 2 O 3 nanofluids and effect of surfactant on the potential of size reduction of solar collector is investigated. Fig. 2 shows that 24% reduction of flat-plate area can be achieved with 0.2 wt% Al 2 O 3 nanofluid with 3L/s mass flow rate. As shown in Fig. 2 , when applying Al 2 O 3 nanofluid to the collector with different concentration at the same mass flow rate of 3L/s, the efficiency for Al 2 O 3 nanofluid is higher than water regardless of its concentration. This is because of the increased absorbed energy parameter value for nanofluid is higher than water [4] . However, the thermal efficiency of 0.2 wt% was observed to be higher than 0.4 wt%. Even though higher concentration of nanoparticles was being used, output temperature and efficiency were recorded to become lower. According to Yousefi, Veysi, Shojaeizadeh and Zinadini [4] , the absorptance of 0.2 wt% nanofluid is higher than 0.4 wt% Advanced Materials Research Vol. 832 151 in lower temperature difference but lower in higher temperature differences. Furthermore, nanoparticles at higher concentration will agglomerated and make the stability of the homogenous solutions reduced and hence making the lower concentration more stable than the higher one [20] . However, higher temperature increased the speed of molecules and collisions between nanoparticles that increased the thermal conductivity for higher concentration nanofluid [21] . When the nanofluid was prepared at 0.4 wt % with Triton X-100 as surfactant, the efficiency increased and became higher than water due to increase of absorptance of the fluid and decreased in loss coefficient or removed energy parameter. When compared to water as basefluid, nanofluid increased the output temperature and the efficiency of the collector. The increase in output temperature and efficiency of collector when applying nanofluid makes the size reduction of the collector possible.
Conclusion
The efficiency of using the Al 2 O 3 nanofluid as absorbing medium in flat-plate solar collector is analyzed based on different mass flow rate, nanoparticles mass fraction and presence of surfactant. The thermal efficiency of using 0.4 wt% Al 2 O 3 nanofluids without surfactant is lower than 0.2 wt% but increased with the presence of surfactant. For increasing mass flow rate, the thermal efficiency increased while the output temperature decreased. When applying the same output temperature of nanofluid as with water, it can be observed that the collector's size can be reduced up to 24% of its original size and thus making cost and energy savings to manufacture flatplate solar collector possible.
